wOrthorexia Nervosa (ON) is an eating disorder marked by an excessive control over the quality of the food eaten. Some groups present a higher prevalence of ON and people practicing sports seems to be a population at risk. The aim of this study is to assess the prevalence of ON in endurance athletes and to compare their prevalence with the ones recorded in the sedentary population and in athletes playing other sports. A cross-sectional survey was carried in Piedmont and Valle d'Aosta, among 549 participants in local sports events aged between 18 and 40 years old. The questionnaire assessed socio-demographic characteristics, physical activity, nutrition and diet, the ORTO-15 questionnaire and Eating Habits Questionnaire (EHQ). The sample was stratified according to the minutes of sport practiced in a week and the type of sport played. Crosstab chi-square analyses to determine group differences on categorical variables (e.g. gender), and ANOVAs or t tests to determine group differences on continuous variables were performed. When required, post hoc analyses were performed. Linear and logistic regressions were performed in order to investigate potential predictors of orthorexia. The EHQ mean scores ware significantly higher in people who practice sports >150 minutes/week. EHQ score resulted to be positively correlated with endurance sport practice >150 minutes/week, with a coefficient of 2.407 (I.C.95% [0.27;4.54], p = 0.027). Analyses carried out suggested a correlation between endurance sport practice and ON. Further studies should be performed to identify diagnostic criteria and to compare different questionnaire used to assess them.
Introduction
For some individuals, healthy eating can be an obsessive concern that becomes the main purpose of life. This condition has been called "Orthorexia Nervosa" (ON), with the prefix "Ortho-" meaning correct, straight or true [1] [2] . ON common symptoms are the adherence to extremely restrictive diets, a marked attention in the preparation of food and/or rituals a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
For these reasons, the present study was conducted with the aim to assess the prevalence of ON in a sample of endurance athletes of two Northern Italy regions (Piedmont and Valle d'Aosta) and to compare this prevalence with the ones recorded in the sedentary population and in the population that practices other sports. Furthermore, the following secondary objectives had been identified:
• Evaluation of the influence of socio-demographic variables such as age, gender, nationality, level of education and employment on the ON prevalence;
• Assessment of the possible association between physical activity and Orthorexia Nervosa, taking into account the type of sport, the time spent in training and the level of practice.
Materials and methods

The sample
A cross-sectional survey was carried out in two regions of Northern Italy (Piedmont and Valle d'Aosta) between April and June 2017. STROBE guidelines for observational studies were used for reporting [20] . Only subjects aged between 18 and 40 years old and able to read and understand the questionnaire in Italian language were enrolled in the opportunistic sample, interviewed and therefore included in the study. The sample was recruited among participants (athletes and audience) in local sports events, in particular cyclosportive, running and walking competitions. Participation in the study was voluntary, anonymous and without compensation. The researchers ensured anonymity of participants and the maintenance of ethical principles. In particular, prior to the administration of the survey, the background and the objectives of the study were explained, and subjects were asked to sign an informed consent form. This study was conducted according to the guidelines laid down in the Declaration of Helsinki and all procedures involving human subjects/patients were approved by the Internal Review Board of the Department of Public Health Sciences of the University of Torino, Italy. Written informed consent was obtained from all subjects/patients.
Measures
The questionnaire was developed after a review of studies on this topic in scientific databases and validated by a pilot study on 20 subjects. The final version was composed by 58 items, grouped in five sections, as follows: In particular, to assess nutrition and diet different items were included in the questionnaire. Among them, the presence of dietary restriction was evaluated to define people avoiding specific food for health, religious or ethical reason (E.g.: Vegetarians, gluten free diet, . . .). On the other hand, being on a diet (in the last 24 months or at the moment of the survey) was assessed to define subjects reducing the food intake to lose or control their weight. These dichotomous variables (possible answers were yes or no) do not overlaps with items from the psychological tests used.
Psychological tests used
ORTO-15 is the scale used internationally to predict ON [5, 21, 22] . 15 items, each one with a score from 1 to 4, compose it. A cut-off score of 40 was found to be able to correctly identify the subjects believed to have ON (with a score below 40) [23] . Furthermore, the 21-item Eating Habits Questionnaire (EHQ) assesses the cognitions, behaviours, and feelings regarding healthy eating [2, 24] . For this paper, we used these questionnaires to assess different aspects of this phenomenon. Further information on the questionnaire items, subscale and scoring are given in S1 File.
Statistical analysis
Statistical analyses were carried out using STATA V.13 (Stata Corp, College Station, Texas, USA, 2013). A descriptive analysis of the sample was conducted and results were expressed in frequencies and percentages for categorical variables or through mean and standard deviation (or median and interquartile range if appropriate) for continuous variables. Statistical significance was assessed through crosstab chi-square analyses to determine group differences on categorical variables (e.g., gender), and ANOVAs or t tests to determine group differences on continuous variables. We decided to perform two different stratifications of the sample. In the first one we stratified according to the minutes of sports carried out during the week (three groups: "No sport", "Sport<150'" and "Sport�150'"; the cut-off was chosen according to WHO guidelines for physical activity). Afterwards, we decided to stratify the group of people performing �150' of sport during the week in two subgroups: "Endurance sport<150'" and "Endurance sport�150'". Endurance sports were defined as "Sports with predominantly aerobic activity" in the bioenergetics classification of sports proposed by Antonio Dal Monte (1969), revised in 1990 [25] . The evaluation of orthorexia in the above indicated groups was performed by applying the ORTO-15 test, using three possible cut-offs for the identification of potentially orthorexic individuals (40, 35 and 30 points), and also through the EHQ evaluation scale, taken into account both the total score and its three subscales ("Knowledge", "Problems", "Feelings"). The ORTO-15 test results (dichotomized according to the 35 points cut-off) were then used to describe again the sample through a double stratification on the basis of sports activity and of the presence/absence of Orthorexia. These data provided the basis for a multivariate analysis, conducted using linear (ORTO-15 scale used as continuous variable) and logistic (ORTO-15 dichotomized scale) regression models, in order to investigate potential predictors of orthorexia according to the sport and "endurance sport" performed. A similar analysis was then carried out using linear regressions with the EHQ scale results (and its three subscales) as dependent variables. The covariates to be included into the final model were selected with a univariate p value <0.25 as the main criterion. Results are expressed as OR (logistic regression) or regression coefficient (linear regression) with 95% CI, and a two-tailed p value <0.05 was considered significant for all analyses.
Results
A total of 549 subjects were interviewed, 407 (74.5%) were males and 139 (25.5%) females. In 3 cases gender information was missing. Sample mean age was 26.7± 5.39.
Sport habits
The minutes spent in a week practicing sports were used to stratify the sample in three groups: 182 subjects (33.2%) declared to be inactive, 47 (8.6%) practice sports for less than 150 minutes/week and 320 (58.3%) were the most active and were classified in the third group "Sport >150'". There are no statistical differences between the three groups according to mean age, nationality, education or drug use (Table 1 ). Significant differences were present according to the Body Mass Index (BMI) of the subjects. Subjects who defined themselves as inactive were more likely to be overweight than people who practiced sports less than 150 minutes or more than 150 minutes/week (respectively 13.3%, 4.3% and 10.4%; p = 0.003). Furthermore, the 320 subjects who practice sports more than 150 minutes/week were stratified in two groups according to the minutes spent practicing endurance sports. Ninety-nine subjects declared to practice endurance sports for less than 150 minutes/week, while 221 declared to practice more than 150 minutes/week of endurance sports. No statistical differences were present between the two subgroups according to gender, nationality, education, BMI or drug use. Coherently to the setting where sample was collected, there were more subjects who declared to participate in competition among the group "Endurance sports > 150 minutes/week" than among the other group (71% vs 42.9%; p<0.001). 
Nutritional habits
Focusing on nutritional habit, there were significant differences between the three groups. Indeed, the 31.6% of the subjects included in the "Sport>150 minutes/week" group declared they had been on a diet in the previous 24 months, while only 25.5% in the group "Sport<150 minutes/week" and 17% in the "No sport" group (p = 0.002) declared the same. In particular, more people who practiced sport for more than 150 minutes/week declared to be on a diet at the moment of the survey, compared with the other two groups (21.7% in the group "Sport �150 minutes/week", 14.9% in "Sport <150 minutes/week" and 6.6% in sedentary people; p<0.001). No significant differences were recorded about nutritional habits between people practicing more than 150 minutes/week of endurance sports and those who practice less ( Table 2 ).
Evaluation of Orthorexia: The ORTO-15 test
The fourth section of questionnaire [Item 23-37] corresponds to ORTO-15 test. No significant differences were noted fixing a cut-off the score of 40 as suggested in the literature [22] . On the strength of this cut-off, Orthorexia Nervosa was present in 68.8% of "No sport", in 71.1% of "Sport <150 minutes/week" and in 72.8% of "Sport �150 minutes/week" group (Table 3) . Fixing the cut-off to 35 points, these percentages were reduced to 19.9%, 24.4% and 21.5% respectively, with no significant differences among the three groups (Table 3 ). In the "Sport<150 minutes/week" group the mean age of the subjects resulting orthorexic with a cut-off of 35 was significantly lower (23.2±3 vs 27.7±6, p = 0.002). Moreover, in this group there were evidence that the ON symptoms were uncommon in workers (9.1%) but frequent in students (42.8% orthorexic p = 0.026). ORTO-15 final scores were also analysed as continuous variable, without cut-off, in order to find potential predictors of Orthorexia Nervosa: the adhesion to a dietary treatment plan in the two previous years was negatively correlated with test score (coeff = -1.515, I.C.95% [-2.26-0.77], p<0.001), while no statistically significant correlation was found between ORTO-15 score and the other sociodemographic and behavioural variables.
Evaluation of Orthorexia: The Eating Habit Questionnaire
The fifth section of questionnaire [Item 38-58] corresponds to the EHQ test. No scoring system or cut-off were found in literature. In this analysis, "Very true" answers were scored as 3, a: p-value was calculated using crosstab chi-square. Dietary restriction refers to people avoiding specific food for health, religious or ethical reason (E.g.: Vegetarians, gluten free diet, . . .). Being on a diet (in the last 24 months or at the moment of the survey) refers to people reducing the food intake to lose or control their weight.
"Mainly true" answers were scored as 2, "Slightly true" answers were scored as 1 and "False/ Not at all" answers were scored as 0. Final scores were analysed as continuous variable without cut-off and the sub-scales assessment was performed according to the three sub-scales "Knowledge", "Problems" and "Feelings". We found significant differences between the three groups analysed (p<0.001). In particular, the mean scores were significantly higher in people performing sports >150 minutes/week (23.8±9.1) and "Sport <150 minutes/week" (23.7±7.2) than in "No sport" group (18.8±8.4). Similar results were highlighted assessing the sub-scales (Table 3) . Furthermore, a multiple linear regression model was performed in order to identify potential predictors of EHQ score (and consequently of orthorexic behaviour). Statistically significant correlations was found relating EHQ score, analysed as continuous variable, and the three groups "No sport" "Sport <150 minutes/week" "Sport �150 minutes/ week". Male gender appeared negatively correlated with EHQ score (coeff = -1.813, I.C.95% [-3.49;-0.14], p = 0.034), while there was a positive correlation for the following variables: to be on a diet in the previous two years (coeff = No statistically significant correlation was found relating EHQ score and other sociodemographic and behavioural variables (Table 4) . Moreover, considering the two groups "Endurance sport<150 minutes/week" and "Endurance sport>150 minutes/week", EHQ score resulted positively correlated with the second group with a coefficient of 2.407 (I.C.95% [0.27;4.54], p = 0.027)
Discussion
There are many international studies trying to assess the prevalence of Orthorexia Nervosa in different sub-populations [5, [7] [8] [9] [10] 12, 25] and to describe its different aspects [1] [2] [3] [4] . During time many assessment tools have been developed to identify subjects affected by ON. The first was a 10-item scale developed in 2000 by Bratman and Knight [26] . Successively ORTO-15 has been developed and it is nowadays the most commonly used scale to predict ON and it has been translated in different languages [5, 8, 21, [27] [28] [29] [30] [31] [32] . A cut-off score of 40 was fixed because it had been considered predictive of ON [9, 23] . Further studies have criticized ORTO-15 and showed that a 35 cut-off, can maximize either sensitivity and specificity [10, 33] . Although most of the studies used ORTO-15 scale, its validity and reliability varied significantly during time. The prevalence recorded ranged from 4% [23] to 86% [11] . Additionally, according to a paper published in 2017, the mean Cronbach's alpha, is 0.55, below the standard 0.7 for research studies and 0.9 for diagnostic uses. [34] . In order to assess ON, the urge for a reliable tool becomes increasingly more compelling. The 21-item Eating Habits Questionnaire (EHQ) has been designed to assess the cognitions, behaviours, and feelings related to an extreme focus on healthy eating [2, 24] . Based on the first set of papers, the results seem encouraging: Cronbach's alpha was 0.90 for the total composite score for the EHQ, 0.87 for the EHQ-Behaviours subscale, 0.79 for the EHQ-Problems subscale, and 0.73 for the EHQ-Feelings subscale [34] . On the other hand, no clear cut-off are given for the EHQ scale. Considering strength and limitation of each tools, we used these two different scales proposed by other authors to assess this phenomenon and its potential predictors, comparing three different groups according to the minutes/week spent practicing sports. The first evaluation tool used, the ORTO-15 test, showed no significant differences among groups according to gender, education or BMI, while having nutritional restriction in the previous two years seemed to be a predictor of developing ON. These results agree with the results of two review published in 2008 and 2017 [24, 35] but are not comparable to the results from other studies [10] . Furthermore, no significant differences were found between inactive people and athletes. There is no agreement Vegetarians, gluten free diet, . . .). Being on a diet (in the last 24 months or at the moment of the survey) refers to people reducing the food intake to lose or control their weight.
between this results and the ones recorded in international studies [13] , but probably a different classification of "athlete" can explain these differences. Many studies have criticized the ORTO-15 questionnaire and its cut-off [10, 33] . In particular recent studies have shown that a 35 cut-off, instead of 40, can maximize both sensitivity and specificity [33] . In this case, fixing the cut-off at 40, we registered a prevalence of ON around 70%. Fixing the cut-off at 35, the prevalence decreased to 22%, similarly to the results presented in other international studies [10, 33] . On the contrary, the Eating Habit Questionnaire (EHQ) has shown significant differences according to gender. In particular, young women seem more easily affected by ON than young men. More noticeable differences were shown between inactive people and athletes. Higher scores were recorded, indeed, in people practicing sports more than 150 minutes/week. At the same time, people practicing endurance sports more than 150 minutes/week have scores suggesting a higher probability to develop ON than people practicing other sports. This results, confirmed in the questionnaire sub-scales, are in accordance with previous papers. In fact, prior studies outlined higher prevalence of eating disorders among athletes compared to control groups [14] [15] [16] [17] . In particular, higher prevalence was recorded among athletes participating in sports where low body weight or leanness confers a competitive advantage. For these athletes the weight loss leads to a better performance and this can push them to continue dieting and slip into an eating disorder [15, 16] . Additionally, assessing 411 university students, ON symptomatology was found to be associated with aerobic exercise levels, exercise addiction and exercise motivation [24] .
Furthermore, the existing literature points out the need for further research into the impact of BMI on ON, In fact, mixed findings can be recorded when reading the previous results. Some papers showed a positive correlation between ON symptomatology and BMI [21, 34] . On the contrary, others studies found no significant relationship [8] [9] [10] . The present study found no association between the Body Mass Index and ON symptomatology, but coherently to previous paper a negative correlation between BMI and ON has not found, suggesting that ON is distinct from AN, which is marked by an excessively low BMI [34] .
Similarly, the literature is not unanimous about gender differences in ON symptomatology. In fact some studies showed a higher prevalence in women [30] , others in men [9] and others show no significant differences in ON symptomatology [10, 11] .
Interestingly, there are some differences according to socio-economical and health variables due to the amount of sport practiced. Surprisingly, more subjects are overweight in the group practicing sports more than 150 minutes/week than in the one practicing sports less than 150 minutes/week. This can be explained considering that BMI is related to weight but does not consider the proportion of Fat Mass and Fat Free Mass. In addition, in our sample, women are generally more inactive than men and employed are more likely to practice sports than students/unemployed. This could be explained considering the possibility to manage free time.
It has to be stated that this study has some limitation. First of all, convenience sample can represent a weakling point. For example, the opportunistic sampling strategy could explain most of the subjects interviewed are male. These could be a limitation, but gender in our sample is not effecting the results of the ORTO-15 nor of the EHQ scales, coherently to what has been registered in previous studies [5, 9, 23, 30] . Additionally, the participants in the study are aged between 18 and 40. This decision was taken to reduce possible age differences among the sport active group and the one who does not practice sports, but reduce the representativeness to this specific age group. On the other hand, Orthorexia Nervosa is an emerging issue and no validated diagnostic criteria are defined [4, 36] . Prevalence in general population varies in different studies [9] [10] [11] [12] and no clear risk factor are identified. For these reason to identify proper inclusion/exclusion criteria was demanding and we decided to be as inclusive as possible, considering the need to assess ON prevalence in general population [3] . It has to be stated that the evaluation scales have some weakness, in particular there is no clear statement about the cut off to use in the ORTO-15 scale [10, 33] and EHQ has been used in few studies and has not been validated. For these reason these scales can highlight specific condition concerning eating habits, but cannot be considered diagnostic tools.
Further studies are required to assess ON in order to better define ON and develop proper diagnostic tool. In fact, it seems clear that among people affected by ON a positive attention to an healthy and balanced diet twists into endangering food restrictions and eating disorders [1, 5, 36] 
Conclusions
In conclusion, from these analyses emerge how physical activity and, in particular, endurance sports seems to be connected with Orthorexia Nervosa. In addition, having a nutritional plan or nutritional restriction seems to be connected with ON. Further studies need to be performed either to identify criteria to define ON either to compare different questionnaires used to assess it. ON is indeed an emerging issue that can have serious consequences on athletes' health and that involves in its solution health professionals with different competences, such as nutritionists, psychiatrists, sociologists and public health professionals. 
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